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User Facility Sub-Project Hardware and Material Costs

SUMMARY

Thisisa msting estimate of the User Fadli ty subprojed of the CMS S& C projed. The first part of the document
describes the scope of the User Fadli ty projed. Pricing of the various parts comes mainly from CDF/DO Run 2
experience d Fermilab. The price evolution comes from Moore's laws, slopes as measured at CERN and fixed at
endpaints from Fermil ab measurements. Costs for R& D, networking and CM S Detedor Construction phase suppart are
also included.



THE CM S DATA ANALYSISMODEL

The LHC distributed data analysis model has been described in [1]. Here we will summarize from this document some
important terms and describe the size estimate for the Tier 1 and Tier 2 Regional Centers.

Definition of Terms

Raw Event
Thisrefersto araw data event as written by the online system. The size of the raw data event is about 1 MB.

Raw Simulated Event
Thisrefersto adata event as simulated by the Monte Carlo and reconstruction packages. The size of the raw
simulated event is about 2 MB .

AOD (Analysis Object Data)
refersto objects which facilitate analysis, but which by construction are not larger than 10 Kbytes. So, if an
analysis requires information that does not fit in this limited size, this analysis should access other objects
(possibly larger in size). A more traditional term for a collection of such objectsis "micro-dst" or "ntuple”.

Calibration Data
refersto diverse kinds of information generally acquired online (which may be strictly calibration constants, or
monitoring data) as well as special runstaken for calibration purposes. Cosmic ray runs are included in this
category. Collections of normal event data used for alignment and calibration studies are not classified as
calibration data.

Data Caching
refersto the capability of holding a copy of frequently accessed data on rapidly accessible storage medium, under
algorithmic control to minimize data turnaround and maximize user response.

ESD (Event Summary Data)
refers to physics objects of about 400 Kbytes. A more traditional term for this kind of object would be "mini-dst".

Tags
refer to very small objects (1 kB) that identify (tag) an event by its physics signature. A Tag could, for example,
be a set of 96 bits each tagging a given physics channel or it could be a set of 10 words with some packed overall
information for an event. In this document the Tag isNOT aglobal object identifier (i.e. a set of bitsidentifying
uniquely an object in a database). A more traditional term would be "nano-dst" or "ntuple" The border between
AOD and Tagsiswell defined in size but less well defined in functionality.

Data Analysis Tasks

The offline software of each experiment is required to perform the following tasks:

e datareconstruction, which may include more than a single step, such as preprocessing, reduction and
streaming. Some of these steps might be done online;

e Monte Carlo production, which includes event generation, detector simulation and reconstruction;

« offline (re)calibration;

*  successive data reconstruction; and

» physicsanaysis.



Basic Assumptions

We ssaume that there exists one "central site", CERN, which isable to provide dl the various srvices (but not with
enoughtotal capadty to doall analysis related tasks).

The foll owing steps happen at the central site only:
e Onlinedata aquisition and storage
» Posgble data pre-processng before first reconstruction
*  First datareconstruction

Other production steps (cdibration data storage, credion of ESD/AOD/tags) are shared between CERN and the
Regional Centers.

The cantral site holds:
e a omplete achive of al raw data
e amaster copy of the cdibration data (including geometry, gains, etc.)
 aomplete mpy of all ESD, AOD, and Tags preferably online

For atypicd large LHC experiment, the data-taking estimate is:
e 1PB raw dataper yea per experiment
« 10 events (1 MB ead) per yea per experiment
« 100 dhys of datataking (i.e. 10" events per day per experiment)

Size of the CMS T1 Regional Center at Fermilab

Total CPU needs at the Regional Centers
Here we brea down by function the total CPU neeads at the Tier 1 and Tier 2 centersin order to come up with asizing
estimate.

Simulation:

We estimate from physics requirements that US-CMS will need to simulate 10 events/yea and eac event takes about
5k Si95-seconds. We use the metric 2x10” secondslyea to give us an overall efficiency fador of 65% for CPU usage.
Thisgives atotal simulation CPU need of 25k Si95's. Most of thisisdone & Tier Il sites, however some provisionis
made for small er simulations at the Tier 1 Regional Center.

Reconstruction of simulated events:
We will nead to reconstruct the 10° simulated eventsyea. Each event takes 3000Si95-secto recnstruct and using
65% efficiency this gives us 15k Si95total.

Re-Reconstruction:
At the Tier 1 Regional Center we anticipate re-reconstructing 10% of the total raw data twice during the yea, for atotal
of 10° events. Each event takes about 3k Si95-secs to recnstruct and using the 65% efficiency we get 30k SI95 s total.



Event Selection:

We assume we will neal to processthe ESD samplesto seled and tag events. The ESD sampleis about 10% of the full
data sample and the processng will be done by 10 ptysics groups 6 times/yea. The data seledion job an the ESD takes
50 Si95-secg/event and using a 65% efficiency we get 15k Si95' s needed for this task.

Physics Object Creation:

Thisisascheduled task that reads ESD data and reaeaes the AOD physics objeds with better cdibrations and
algorithms. Here we assume that 10 physics groups will want to dothis each month and that each production covers 10
events. Using a 65% efficiency fador we get 12k Si95' s needed for this task.

Derived Physics Data (ntuple) Creation:

These ae scheduled jobs reading AOD samples and preparing tag/ntuples for detail ed analysis by individual physicists.
We estimate that 10 groups will read 10’ events 20 times per yea in this adivity, and that each event requires 50 Si95-
secsto process Using the 65% efficiency gives us 5k Si95'srequired for this task.

Individual Analysis:

Thistask covers chaotic jobs from individual physicists reading AOD and DPD samplesto prepare their own private
DPD’s for further analyses. Here we assume 200 plysicists look at 10” events 20 times/yea and that the analysison
ead event takes 20 Si95. Because the jobs are unpredictable, we assume the CPU efficiency is half of the scheduled
jobs (i.e. 33% efficient) providing cgpadty to handle the relatively common peaks normally seen in CPU usage. This
gives us arequirement of 80k Si95s at Tier 1. We aaumethe Tier 2 centers will suppart about 20% of the physicists
supparted at Tier 1, so ead Tier 2 center gets 16k Si95s.

Thetable below summarizesthe amount of CPU needed at the Tier 1 and Tier 2 Regional Centers.

Tier 1 Regional Center | Tier 2 Regional Center
(each)
Simulation 5k Si95 6k Si95
Rewnstruction of | 5k Si95 6k Si95
Simulation
Re-remnstruction | 30k Si95
of raw data
Event Seledion 15k Si95
Physics Objed 12k Si95
Credion
Derived Physics 5k Si95
Data Credion
Individual 80k Si95 16k Si95
Anaysis
Data Servers 15k Si95
(0.2xCPU)
e —
Total 167k Si95 28k Si95




Total Online Storage needs at the Regional Centers

Below we list the data we believe needs to be kept online. Because of performance issues or redundancy needs, we also
assign an efficiency to disk depending on type of data stored on it. Most disk gets a 50% efficiency factor. The mass
storage data cache disk is much more straightforward to manage and gets a 75% efficiency factor.

Simulated ESD/AOD

Thisrefersto the ESD and AOD objects created by the simulation. Although most of the simulation happens at Tier 2
sites, the Tier 1 Regional Center will keep all of the ESD and AOD from the simulation on disk. 10° events X
400kB/event yields 20 TB for the smulated ESD. Having 2 versions of the AOD dataset gives us an additional 10 TB
in AOD.

Calibration Data
The exact size and number of calibration eventsis not yet known, however we are reserving 10 TB in online disk space
for calibration data. CMSiis currently defining calibrations and the size of this data.

ESD data
We want to keep online at the Tier 1 center two versions of the ESD which means 400kB x 10 events x 2 = 80 TB.

AOD, TAG, etc.
These are the AOD and TAG data sets coming from physicist analysis. We imagine each AOD set to be on the order of
5TB and each TAG set being on the order of 0.5 TB.

M ass Storage Cache
Thisisdisk used in front of the Mass Storage system to cache active data. It is estimated at about 20% of the 1 PB
active data store.

AOD/Raw/ESD
Thisisaglobal estimate for online disk at atypical Tier 2 center.

User Disk
Thisisdisk used by individual physicists or small workgroups to store their TAG or DPD event samples. For Tier 1 we
estimate we need about 50 TB for this purpose and at Tier 2 sites we estimate about 25 TB.

Tier 1 Regional Center Tier 2 Regional Center (each)
Simulated 30TB 50%
ESD/AQOD
Cdlibration Data 10TB 50%
2 ESD Versions 80TB 50%
AOD, TAG, etc. 20TB 50%
Mass Storage 200 TB 75%
Cache
AOD/raw/ESD 50TB 50%
User Disk 50TB 50% 25TB 50%




Total 390TB 650 TB 75TB 150TB

Total Offline Storage needs at the Regional Centers



BASISOF THE REGIONAL CENTER COST ESTIMATE

Assumptions of the Cost Estimates

Hardware costs for computing come from FNAL experience over the last few yearsin purchasing for Run 2 computing.
We take the slopes of the extrapolations as measured at CERN [2] using Femilab data over the past few years as
boundary conditions. Because much of the hardware is not going to be purchased for several years, and because of the
dramatic drop in computing costs over time, an extrapolation is used. The assumptions for cost evolution are given

below.

Disk Storage

There are two types of disk: bulk commodity disks and datacenter quality disks. The plots below show Run 2 disk
purchases and the slope of the lines are the assumption that disk are assumed to halve in cost every 1.4 years. The pink

points (>2001) are extrapolated.
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The extrapolated pointsin the above figures are listed in the table below.




Yea 2001 2002 2003 2004 2005 2006
Bulk Disk $6.60/GB $4/GB $2.50/GB $1.50/GB $0.90/GB $0.56
Datacenter $4350GB $26.50/GB $16.20/GB $9.90/GB $6/GB $3.70
Disk

Table 1: Extrapolated ¥GB for bulk (commodity) disk and for data center quality disk.
Tape Storage

Here the assumptions are that robdtics cost $75dot, constant in time, and that tape density doubles every 2.1 yeas,
implying that the robdics cost ¥z every 2.1 yeas. The st of tape mediais assumed to Y2 every 2.1 yeas. Tape drive
costsMB/sec ae dso expeded to Y2 every 2.1 yeas.

In the foll owing plots, the pink (>2001) points are extrapolated, and the yellow points are for DVD media and drives.
The blue points are traditi onal tape media and drives.
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Yea 2001 2002 2003 2004 2005 2006
Tape Drives $943MB/sec | $677MB/sec | $487MB/sec | $350MB/sec | $252MB/sec | $18UMB/sec
Media Costs $1460/TB $1060/TB $760TB $540TB $390TB $280TB

Table 2: Costs of tape media and drives.

CPU

Commodity CPU costs are estimated by assuming the performance of the CPU doubles every 1.2 yeas and the price
stays the same. The starting rumber is from Run 2 farm purchases in June 1999 where 2060Si95's were bought for
$132000 or 15.61 S/$1000. The canonicd dual CPU box was ~30 Si95's and cost $2000.

SMP CPU costs are estimated by assuming the performance of the CPU doubles every 1.1 yeas and the price stays the
same. The starting point is for an SGI general use machine bought in 1998
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Year 2001 2002 2003 2004 2005 2006

Commodity $85/Si95 $48/Si95 $27/Si95 $15/Si95 $8.40/Si95 $5/S195

CPU

SMP CPU $410/ $220/Si95 $116/Si95 $61/Si95 $33/Si95 $18/Si95
Si95

Table 3: CPU costs.
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HARDWARE COST BY WBSITEM FOR THE USER FACILITY PROJECT

Here we detail by WBS number the hardware costs for the User Facility.

1.1 Tier 1 Regional Center

111 Development and Test systems
Thisitem coverstest systems needed to test both hardware and software used in the User Facility.

1111 Modular Test Stands
These are hardware test stands typically on expert desktops for testing new hardware such as disks, tape drives, tapes

and software drivers. The numbers here are a guess based on atest stand cost of typically $5000 and assuming we will
need four of them each year.

2004 2005 2006 Total | 2007 (ops)
$20,000 | $20,000 $20,000 | $60,000 | $15,000

1112 Integration Test Stands

Thisisthe cost for afully integral test stand to test production software and hardware. Most likely this will be the fully
functional prototype regional center hardware with some upgrades. The cost here is some incremental costs to upgrade
or retrofit the prototype regional center with any new technol ogies necessary.

2004 2005 2006 Total 2007 (ops)
$10,000 | $10,000 $20,000 | $40,000 $10,000

1.1.2  Simulation & Reconstruction systems
Assume the configuration from the Hoffman Review Panel 3. For costing we are staging by buying 10% in 2004, 30%
in 2005 and 60% in 2006. Total hereisinstalled capability in 2006.

Task CPU (Si95)
Simulation 5,000
Reconstruction of Simulation 5,000
Re-reconstruction of raw data 30,000
Event Sdlection 15,000
Physics Object Creation 12,000
Derived Physics Data Crezation 5,000
Total 72,000
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The table below uses the extrapolated commodity computing costs, the total reconstruction/simulation CPU as detail ed
in the table aove, and assumes a 10%, 30%, 60% staging over the years 20042006

2004 2005 2006 Total Operations
$108055 $181645 | $203889 | 493589 164,000

1121 Disk

There must be adisk pod to suppart the simulation work. Thisis not alarge pod and is not used to store data. 1 TB
should be fine. Implementation is al at the beginning and the disk is replaced every threeyeas garting in 2007. These
are data center disks. The dficiency of the disk isassumed to be 80% to cover RAID or need for increased
performance

2004 2005 2006 Total Operations
$12322 $12322 $2,786
1.1.2.2 Hardware I nfrastructure Costs

Thisisthe infrastructure and ather costs for the fadlity (radks, coadling, consoles, etc.) Using combined experience with
Run 2 and more recent totally integrated purchases, we put this at about 10% of the total hardware wsts. Becaise we
used the more expensive data center disks for this, we didn't include the disk cost in this overhead.

2004 2005 2006 Total Operations
$10805 $18164 $20,388 $49357 | $16400

1.1.3 Analysis Systems

The table below uses commodity computing extrapolated prices to cost the 80,000 Si95's neaded for user analysis as
detail ed above.

2004 2005 2006 Total 2007
(operations)
CPU (Si95) 8,000 24,000 48,000 80,000
Cost $120061 $201,827 $226544 $548432 $184000
1.1.31 Hardware I nfrastructure Costs

Because we think that building a duster of commodity computing for chaotic physics analysesis unknown in how to
serve data, how to load balance, and if spedal hardware will be necessary to integrate the duster, we put a50%
integration cost on top d the hardware @st. Thisisthe same assumption as made by experts at CERN.

2004 2005 2006 Total Operations
$60,030 $100,913 | $113,272 $274,216 $92,000

Note the networking costs are separated out in 1.6.1.
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1.1.4 Data Accessand Distribution Servers

This covers multiple AM S servers to serve the CM S database to/from the analysis & simulation systems. We use for a
measurement the CPU usage for Objedivity which has been measured at ~ 20% overhead by CMS and BaBar. This
overhea is cdculated for al the CPU before any efficiency fadors. Because the measurement included efficiencies,
we dort add any additional efficienciesto this CPU, however we asume these servers are expensive SMPs. The
operations costs assume areplacement every 3 yeas.

2004 | 2005 2006 Total 2007
(operations)
Si95's 1500 4500 9000 15000
cost $929541 | $494146 $263143 $1,686,830 $562280

1.1.5 Calibration and Non-Event Database Servers

Here we asume we need about 5% of the recnstruction Si95 and that thisis also a high-end server classmachine. The
operations costs assume areplacement every 3 yeas.

2004 | 2005 2006 Tota 2007
(operations)
Si95's 360 1080 2160 3600
cost $223089 | $118595 $63154 $404838 $134946

11.6 Data Storage Systems

Thisincludes disk and tape. The sts below are just for the disks and/or tapes, not for the server machinesto serve the
data (whichis covered in 1.2.4).

Tape estimates

Task Tape(TB)
Simulated event data 200
Geneal ESD' s 200
Simulated ESD+AOD for anadysis 40
Raw Event Data 50
Reprocessed and Revised ESDs 500
AOD,TAG,Cadlibration gtc 30
Total 1,020

-13-



Tapeisasaumed to be 100% efficient.

Disk estimates
Task Disk (TB) Efficiency (%) [Total Disk
Simulated ESD+AOQD for 30 50 60
Cdlibration Data 10 50 20
ESD for Locd Anayses 80 50 160
AOD,TAG,¢etc 20 50 40
Mass Storage Cache 200 75 270
User Disk 50 50 100
Total 390 650

116.1 Data Storage Costs

In the below table, the online disk was priced by assuming an average between commodity and datacenter disk. The
cost/GB for commodity disk was doubled to acwount for infrastructure msts.

Robdics cost was placel at $75d ot, which isthe aurrent cost for robdics. This priceis not expeded to go down (it's
basicdly a ast for a medhanicad system), however the number of slots needed goes down depending on tape density.
We asaume we will purchase aroba that can use commodity drives and tape media.

Robaic maintenanceis currently $4.80/dot and is not expeded to change.

2004 2005 2006 Total 2007
(Operations)

Disk 417,822 762,961 930,060 2,110,843 703,614
Media 54,315 117,032 168,262 339,609 84,902
# Robdic Slots 3,250 3,250 0 6,500
Robatics cost 243,750 243,750 0 487,500 97500
Robatics Maintenance 0 15,600 31,200 46,800 31,200
# Tape Drives 5 15 15 35 8
Tape Drives 50,000 150,000 150,000 350,000 80,000
Total 765,887 1,289,343 1,279,522 3,334,752 997,216

1.1.7 Datalmport/Export

1171 Tapeimport/export
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We asaume 100tapesin/out per yea. Thisisvery uncertain. Will networking be good enough? Will we need more data
import/export fadlity? Thisisavery modest sized system. We ae assuming we can use the AML/J we have now
throughout the lifetime of the experiment. Tapes are aaumed to cost $75ead. Yea 1 (2004) will start with 50
tapes’yea and we go to 100tapes/yea after that. Tapesin yea 2004 will hold on the order of 400GB by our
extrapoalations which would mean exporting ~500 TB/yea by tape.

Task 2004 2005 2006 Tota 2007(ops)
Tapes $3,750 $7,500 $7,500 $18750 $7,500
Maintenance of $5,000 $5,000 $5,000 $15,000 $5,000
AML/J
Refitting AML/J, $15000 0 $15000 $30,000 $10000
drives, etc.
Total $23,750 $12,500 $27,500 $63750 $22500

1172 Tapeimport/export
There ae no explicit hardware csts related to thisitem.

1.1.8 Dataand Physics Analysis Software
There ae no explicit hardware costs associated with thisitem.

1.19 System Administration
There ae no explicit hardware osts associated with thisitem.

1.2 System and User Support

1.21 Documentation - document generation and accesstools.
There ae no explicit hardware sts associated with thisitem.

1.2.2 Collaborative Tools

1221 Video conferencing

For video conferencing we need a couple of video conferencing rooms and some personal video conferencing
equipment. We assaume that personal video conferencing equipment (such as cameras on desktop c's, €tc) is omething
that comes with the encumbered salary. (i.e. VRV Sis “free” with a desktop.)

In order to support the ~ 100 FNAL resident usersin 2006and the myriad of visitors, we estimate we will need 3video
conferencerooms

2001 2002 2003 | 2004 2005 2006 Total 2007
(operations)
Video rooms 1room 1room 1 3 upgrades
costs $20,000 | $20000 $20,000 $60,000 | $10000

1.2.2.2 Web Servers

We assume aweb server is areasonably fancy desktop with lots of disk.

2001 2002 2003 2004 | 2005 2006 Tota 2007
(operations)
Web Server 1 0 0 2 0 3 2/3
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| Costs | $5,000 | | $10,000 | | $15,000 | $3,300

1223 Scheduling Tools
There are no explicit hardware costs associated with thisitem.

1224 Other

There are no explicit hardware costs associated with thisitem.

1.2.3  Software Development Environment

Thiswould cover licensing costs. So far, CERN has bought CM S wide licenses for all CM S computing asin, for
example, objectivity. Certainly licenses for software development isimportant, and for software professionals the
license feeis contained in their total encumbered salaries.

One can imagine licenses such asIsf licenses, etc., or licenses for any special clustering software for analysis or
commodity computing. Thisisincluded in the infrastructure overhead.

1.24  System Administration, Monitoring and Problem Resolution Software
There are no explicit hardware costs associated with thisitem.

125 User Help Desk
There are no explicit hardware costs associated with thisitem.

1.26  Training Office
There are no explicit hardware costs associated with thisitem. Although atraining office requires infrastructure, we are
planning to use existing or future Fermilab facilities for this.

1.2.7 Support for Tier 2 Centers
There are no explicit hardware costs associated with thisitem.

1.28 Computer Security
There are no explicit hardware costs associated with thisitem.

1.3 Operations and Infrastructure

1.3.1 Softwarelicense maintenance

There are no explicit hardware costs associated with thisitem.

1.3.2 Software license maintenance

There are no explicit hardware costs associated with thisitem.

1.3.3 Infrastructure support

There are no explicit hardware costs associated with thisitem.

1.4 Tier 2 Regional Centers

The Tier 2 hardware configurations were chosen so as to minimize equipment and support costs and provide more
flexibility than is possible at alarge Tier 1 facility (though less than would be found at an average university site).
Certain tradeoffsin cost, performance and mission were considered. For example, Tier 2 CPUs will be less expensive
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than those used at Tier 1, but they will till cost more than the thegoest commodity processorsin order to provide high
performance, excell ent reli ability and simple maintenance

The same mnsiderations of performance, reliabili ty and maintenance require other items such as high-speed LAN
switches, large cgadty and high-throughput data servers, uninterruptible power, dense radk mounted systems,
software debugging todls, load balancing software, monitoring / management toals, and maintenance ontrads. Most
centers will not have Hierarchical Storage Managers (HSM) for transparent tape-disk handling because of the personnel
overhead. However, one or posshly two centers might be able to take alvantage of an existing HSM and its suppart
personnel and not incur extra wsts. Similarly, sincethe centers will be built from inexpensive CPUs, they will have
more processng power than strictly needed for ssmulation in order to all ow some of them to perform more simulations
than average whil e other centers srve other needs.

The oosting philosophy for Tier 2 hardwareisthat aninitial purchase is made in some yea, then 1/3 of that fundingis
used to purchase hardware for ead foll owing yea, effedively repladng that hardware every threeyeas. Other items
such as maintenance and software licenses must be paid every yea.

14.1 PrototypeTier 2 Centers

1411 Prototype Tier 2 Center #1

The center hardware was purchased previously from FY 00 funds for $350K, which is not listed here. $120K must be
spent every yea for replacement hardware during the prototype phase FY01-FY03.

14111  Tier 2Design

Thistask coversthe R& D needed to design this prototype center. No funds are needed for thisitem.

14112 Tier 2 Equipment

141121 Hardware Procurement & Installation

Thistask covers the purchase and install ation of the eguipment.

141122 Hardware Commissioning

It is expeded that the heterogeneous hardware configuration (dual CPU boxes, data server, disks, LAN switches, power
supplies, coding and cabling) will require a @mmissoning phase to ensure smooth operation. Testing and reconfigu-
ration of hardware will t ake placeduring this phase.

141123 Hardwar e Support and Maintenance

Thistask coversall efforts related to the long-term maintenance of the equipment foll owing the ammissioning phase.
Included are replacament or repair of broken equipment, testing, bringing hardware online or offline & needed, kicking
broken equipment aaossthe room, routine inspedions and operating system updates.

1.41.1.3 Tier 2 Softwar e I nfrastructure Framewor k

Thistask coversitems and adiviti es associated with Tier 2 grid software for this prototype center, where the dl owed
adiviti es are described in the introduction to this sdion.

141131 Software Testing

Thistask coverstesting of grid software developed autside the projed and ather software developed in suppart of Tier
2 operations.
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141132 Softwar e Deployment

Thistask coversall items and activities related to the deployment of grid software and other software developed in
support of Tier 2 operations.

141133 Software M aintenance

Thistask coversall items and activities related to maintaining grid software and other software developed in support of
Tier 2 operations. Possible activities include installing and testing new software rel eases, monitoring of performance of
existing software, evaluating and comparing software, and devel oping tools to automate or simplify software

mai ntenance.

14114 Simulation of

14115  Tier 1/ Tier 2Integration

Thistask includes all items and activities related to integrating the computing facilities with that of the Tier 1 center in
support of a distributed computing system.

141151 Database replication
141152 Object replication
141153 Database replication

14.1.16 Tier 2/ Tier 2 Integration

Thistask includes all items and activities related to integrating the computing facilities with that of other prototype Tier
2 centersin support of a distributed computing system.

14.1.17 System Documentation

Documentation of Tier 2 hardware and software is needed by the physicists and staff at this center (particularly as
support personnel and students are hired), by other Tier 2 sites that will be coming online later and by physicists at
other CM Sinstitutions that will be using Tier 2 services.

1412 Prototype Tier 2 Center #2

Thisitem covers the effort needed for the second Tier 2 Regional Center.

14.1.3 Prototype Tier 2 Center #3

Thisitem coversthe effort needed for the third Tier 2 Regional Center.

142 USCMSUniversity Tier 2 Centers

These centers will come online in FY 2004, the same time asthe Tier 1 center. Each Tier 2 center will have aLevel 3
manager who will be responsible for ensuring that the milestones and deliverables applicable to that site are met on
schedule. Centers are listed separately as they will ramp up at different times.

1421 Tier 2 Center #1

1422 Tier 2 Center #2

1423 Tier 2 Center #3

1424 Tier 2 Center #4
1.4.25 Tier 2 Center #5
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1.5 Networking

Non-FTE networking costs fall into two general categories:
e hardware astsfor network devicesthat suppat CM S systems at Fermilab;

e readrring costs for services associated with CM S network suppart, principally costs associated with any
upgrade of Fermilab off-site network faciliti esin suppart of wide-areaCM S coll aboration.

The estimated non-FTE costs for networking suppart of CMS at Fermilab are listed below, broken down acarding
CMSWBSitem.

1.5.1 Onsitenetwork infrastructure

A very high performance LAN switch to serve asthe cre CMS network switch fabric istentatively planned for
procurement in 2003 In 2001 & 2002, CM S system network suppart at Fermilab will be provided on existing switch
fabric, although additi onal switch modules will need to be procured to provide switch ports for the expanding number
of CMS systems on-site.

The CMS analysis, data management, and data storage systems, based in the FCC, are assumed to have gigabit network
connedions. Network suppart cost estimates are based on $500port in 2003, $450/port in 2004, and $400/port in
2005 The per system cost estimate includes the st of the system’ s gigabit switch port, plus a small amount toward
suppart the general network infrastructure and basic network services used by CM S systems at Fermil ab.

CMS desktop network connedions at Fermilab are assumed to be 100Mb/s. Desktop suppart cost estimates are based

on $250port. The desktop cost estimate includes the @st of the switch port, a small amount toward suppart the general
network infrastructure and basic network services used by CM S systems at Fermil ab.
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Y ear 2001 2002 2003 2004 2005 2006 Tota 2007
CMS Core 0 0 $30,000 $40,000 $20,000 $20,000 $110,000 $10,000
Switch Fabric

FCC

networking $20,000 | $20,000 $20,000 $19,800 | $29,600 $34,400 | $143,800 | $48,000
Desktop $1,250 $2,500 $6,250 $6,250 $5,000 $3,750 $25,000 $8,350
support

Tota $21,250 | $22,500 $56,250 $66,050 $54,600 $58,150 $278,800 $66,270

152  Off-Site Networking

Network support for off-site CM S collaboration is generally assumed to be provided by shared wide-area HEP network

facilities, including the LHC trans-Atlantic link, ESnet, and the Internet-2 networks. The Fermilab ESnet link,

currently OCS3, is assumed to be OC12 by 2002, as part of general upgrade of Fermilab wide-area network capabilities.
Additional bandwidth capacity to meet CMS Tier O/Tier 1 and Tier 1/Tier 2 bandwidth needs is projected as a recurring
cost, starting in 2004. A one-time hardware cost for network equipment to support the additional bandwidth is
projected for 2004. Modest hardware costs are projected for procurement of serversto support network-level functions
of data grid services, starting in 2004.

Y ear 2001 2002 2003 2004 2005 2006 Total 2007(ops)
Off-site access 0 0 0 30000 0 0 30000 10000
hardware

Leased line costs 0 0 0 250000 250000 250000 250000
Grid network 0 0 0 10000 5000 5000 20000 5000
support servers

Total 0 0 0 290000 255000 255000 50000 265000

153 Network Security

Hardware costs for CMS LAN firewall protection, intrusion detection, and related network-level security devices are
projected in 2003, when the core CM S switch is procured. Upgrade and enhancement of those devicesis projected
through 2006. Modest hardware costs are projected for procurement of servers to support security functions of data
grid services, starting in 2004.

Y ear 2001 2002 2003 2004 2005 2006 Total 2007(ops)
Network 0 0 0 20000 10000 10000 40000 10000
security

Hardware

Grid security 0 0 0 10000 5000 5000 20000 5000
support servers

Total 0 0 0 30000 15000 15000 60000 15000
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Network Performance Monitoring

A wire-rate gigabit LAN analyzer and associated padket cgpture probes would be procured in 2003, with modest
upgrades or enhancements in the following yeas. Modest hardware @sts are projeded for procurement of serversto

suppat wide-areaperformance monitoring functions of data grid services, startingin 2003

Yea 2001 2002 2003 2004 2005 2006 Total 2007
Monitoring tools 0 0 0 40000 10000 10000 60000 20000
& hardware

Grid WAN perf. 0 0 0 10000 5000 5000 20000 5000
Monitor servers

Totd 0 0 0 50000 15000 15000 80000 25000
1.6 Computing and Software R&D

1.6.1 Distributed Data and Computing Test Beds

This covers atest bed to study distributed data accesand data accesmonitoring. Results from thiswill be used to

validate the MONARC simulation toadl. The testbed will suppart distributed data handling software and monitoring as

well as gudying data accespatterns.

This does not require alot of computing. A large size server with good network connectivity (e.g. Gb Ethernet) isfine.

This machine must be for the exclusive use of these testsin order to monitor everything that goes on with them,

however. We have purchased a DELL 4cpu linux box in 2000we will use for this, but we believe we may need ared

server classmachine, which we plan to purchasein 2001 The dell machine cost $25 with ¥4 TB h/w raid. We ae

assuming in 2001a server classmachine with order TB of disk will cost about $30k.

Yea 2001 2002 2003 2004 2005 2006 Totd 2007(ops)
Boxes 1 1

Cost $30,000 50,000 0 0 0 0 $80,000 0

1611 Hardware Testbed system design

There ae no explicit hardware sts associated with thisitem.
16.12 Hardwaretestbed system

There ae no explicit hardware sts associated with thisitem.
16.1.3 Distributed data management

There ae no explicit hardware sts associated with thisitem.
16.14 Distributed Data Access

There ae no explicit hardware costs associated with thisitem.
16.15 Monitoriing Tools

There ae no explicit hardware costs associated with thisitem.

16.2

R& D in Computing Hardware for T1/T2 Computing

The 4t in thisitem comes from computing costs for investigating different kinds of computing technology. Thisis

assumed to be bought during 2000-2002as new things come in.

1621 Technology Tracking and Testing
There ae no hardware sts associated with thisitem.
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1622
16221

Technology I nvestigation and Deployment
Data I ntensive Computing

Data intensive amputing refers to computing used for analysis needed a very high 1/0. These machines must have
excdlent inter-connedivity and lots of 1/0 capabili ty. Much of this can probably be adieved with alinux cluster,
however we may need a more expensive SMP —type solution. The @sts here ae for alinux cluster + integration costs.

Yea 2001 2002 2003 2004 2005 2006 Total 2007(ops)

Linux Boxes 10 20 20 0 0 0 50 0

Cost $50,000 | $100,000 | $100,000 0 0 0 $250000 0
1.6.2.2.2 CPU Intensive Computing

We beli eve we know how to dothis, and this makes up arelatively small portion of the total CPU for the Regional
Center. Basicdly we need to kegp evaluating new boxes as they come dong, but we don’t need to build up alarge
cgpability here. These requirements could change depending on new data chall enge mil estones.

Yea 2001 2002 2003 2004 2005 2006 Total 2007(ops)
Cost 0 50,000 50,000 0 0 0 $100000 0
1.6.2.2.3 Data Access and Distribution Servers

Here we don't know if linux machines will work or if we need higher end servers. Experiencefrom CMSMC
production suggests one server class machine for eat 20 cpusin order to get the 1/O for the MC production. We need
lots of disk aswell. The st isfor larger SMP servers, but we have bought already some smaller linux servers in order
to compare.

Yea 2001 2002 2003 2004 2005 | 2006 Total 2007(ops)

Data server boxes 1 2 2 0 0 0 5 0

Disk (TB) 6 12 6 0 0 0 24 0

Hardware Cost $220331 | $307636 | $163277 0 0 0 $691245 0
1.6.3  Prototype Fully Functional Regional Center

The fully functional regional center should be 5% of the final tier 1 center. It should come online end of FY 2003
Listed hereis an approximate st for the additional incremental costs to finish it in addition to the R& D systems that
can be used as parts.

Yea 2001 2002 2003 2004 2005 2006 Total 2007(ops)
Total 0 0 $10Q000 0 0 0 $10Q000 | O
1.6.4 Simulation Software

There ae no explicit hardware sts associated with thisitem.

165

Simulation Software

There ae no explicit hardware csts associated with thisitem.
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1.6.6  Simulation Software
There are no explicit hardware costs associated with thisitem.

1.6.7 Datalmport/Export R&D

These are incremental costs for R&D for tape input/output. We assume we can use the same AML/J we are using to
support the construction project.

Year 2001 2002 2003 2004 2005 2006 Total 2007(ops)
# tapes 0 60 0 0 0 0 60 0
Tape costs 0 $4,200 0 0 0 0 $4,200 0
Drive cost 0 $25,000 0 0 0 0 $25,000 0
Total 0 $29,20 0 0 0 0 $29,200 0

1.7 Detector Construction Phase Computing

171 Computing
We assume we can support the detector construction project computing on existing central FNAL systems as well as

CMS systems we already have, and the R& D systems as we replace them. We add no new costs here.

1.7.2 Data Storage
Thisitem covers data storage to support physicists doing detector or physics studies during the construction project.

Y ear 2001 2002 2003 2004 2005 2006 Total 2007(ops)
Tape costs 0 17500 15000 0 0 0 $32500 0
Drive cost $50,000 0 0 0 0 0 $50,000 0
Maintenance $3,000 $4,500 $6,000 $6,000 0 0 $19,500 0
Total $53,000 $22,000 $21,000 | $6,000 0 0 $102,000 0

1.7.3  Network based fileinterchange
There are no hardware costs associated with this item.

1.7.4  Tapeimport/export system
This covers the cost of refitting the AML/J, exporting 50 tapes in 2002 and 100 tapes in 2003 and the maintenance on
the library and tape drives.

Year 2001 2002 2003 2004 2005 2006 Total 2007(ops)

Total $82,500 $12,500 $27,500 0 0 0 $122,500 0

1.8 Support for FNAL based computing
1.8.1 Desktop systems

1811 Installation
There are no explicit hardware costs associated with thisitem.
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18111 System specification, design and installation

There ae no explicit hardware costs associated with thisitem. FNAL costs are in the total encumbered salaries of
computing professonals, or come from the base program suppart of scientists. Outside users who come to FNAL are
expeded to bring their own desktops (or laptops), which must conform to the FNAL standard.

18.1.1.2 Host server systems
We ae ssuming we suppat 100 desktops, 50 FNAL, 50 autside users by the yea 2005 This ramps up from 10in

2000to 100 in 2005 and onwards. We ae not buying the adual desktops but we ae buying disk serversto suppart
them. Run 2 experience suggests 1 server classmachine for every 20 desktops.

200T 2002 2003 2004 | 2005 2006 Total 2007
(operations)
#desiktops 10 15 20 30 60 100 100 100
(integrated)
# new servers 1 1 1 2 4(+1) 1
costs $10000 | $25000 | $15000 | O $25000 | O $75000 | $12500

18.1.13 Backup systems
Thisitem covers backups for user aress, etc. | am assuming areasonable system is about $10k/50 machines.

2001 2002 2003 2004 | 2005 2006 Total 2007
(operations)
#desiktops 10 15 20 30 60 100 100 100
(integrated)
# new backup 0 1 0 0 0 0 1 0.25
systems
costs 0 $37,000 0 0 0 0 $37,000 $9,250

18.1.2 Support
There ae no explicit hardware sts associated with thisitem.

1.8.1.3 User data storage and ar chiving

Thisisabadkup and archiving system for user data from their desktops. Because the server classmachines will hold a
lot of data disk, we should not badk it up automaticaly but allow usersto badup and archive what they want. The
minimum would be asmall stacker on ead server class madine, which should cost on the order of $10k/machine.

2001 2002 2003 2004 | 2005 2006 Total 2007
(operations)
costs 0 0 0 $85,000 0 0 $85,000 $10,000
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182

Remote control room

2001 2002 2003 2004 2005 2006 Tota 2007
(operations)
costs 0 0 $20.000 | $10,000 | $10,000 | $10,000 $50,000 $10,000

ToTAL HARDWARE COST FOR THE USER FACILITY PROJECT

Here we summarize the total cost for the User Facility Project. Each of the WBS items (except for 1.4) also hasan
additional overhead of 16% which is charged by Fermilab.

WBS# 2001 2002 2003 2004 2005 2006 Total
1.1 T1 Regional Center 0 0 0 2,648,908 2,838,675 2,595,398 8,082,981
1.2 System Support 0 29,000 23,200 0 34,800 0 87,000
1.30&M 0 0 0 0 0 0 0

1.4 T2 Regional Centers| 280,000 470,000 590,000 1,120,000 1,750,000 1,750,000 5,960,000
1.5 T1 Networking 24,650 26,100 65,250 543,924 449,152 458,838 1,567,914
1.6 Computing R&D 348,384 622,730 479,402 0 0 0 1,450,516
1.7 Current Support 157,180 40,020 56,260 6,960 0 0 260,420
1.8 Local Comp. Supp. 11,600 71,920 139,200 23,200 52,200 23,200 321,320
Total 821,814 1,259,770 1,353,312 4,342,992 5,124,827 4,827,436 17,730,151
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